This study examines the hedging behaviour of real estate investment in a high in¯a-tionary environment. The hypothesis that the real estate investment hedges both expected and unexpected in¯ation is tested. The returns of investment on residential apartments in several neighbourhoods in the capital of Turkey are used in the analysis. Expected in¯ation is measured by three proxies. It is found that in a high in¯a-tionary environment, real estate investment does not provide hedge against in¯ation. A reverse causality between returns on real estate and changes in expected in¯ation is not observed. However, a relationship between real returns and changes in in¯a-tionary expectations seem to be di erent in relatively low and relatively high income neighbourhoods.
I . I N T R OD U C T I ON
Several studies have examined whether assets provide e ective hedges against in¯ation. The results of these studies have suggested that assets are di erent in terms of their hedging behaviour against expected and unexpected in¯a-tion. Common stocks act as a perverse hedge against both expected and unexpected in¯ation in most of the developed markets examined (for example, Bodie, 1976 ; Nelson, 1976 ; Fama and Schwert, 1977; Firth, 1979; Fama and Gibbons, 1982; Gultekin, 1983) . Although the returns on common stocks are negatively correlated with expected and unexpected in¯ation, it is found that real estate investment is a good hedge against expected and unexpected in¯ation. For example, Gyourko and Linneman (1988) ® nd a positive association between appreciation in residential and nonresidential real estate and in¯ation. Similarly, using the percentage change in the home purchase price component of the CPI as the return on privately held residential real estate, Fama and Schwert (1977) conclude that real estate can hedge expected and unexpected in¯ation.
Results are di erent for the hedging behaviour of real estate investments depending on the proxy used for measuring expected in¯ation. For example, forecasting in¯ation with ARMA model, Gyourko and Linneman (1988) ® nd a strong negative correlation between return on real estate investment trusts (REITs) and unexpected in¯ation. Similarly, Gartzla (1994) ® nds that estimates of unexpected in¯ation using the adoptive expectations model and the rational expectations model are positively correlated with excess returns to housing. Park et al. (1990) use two proxy measures for expected in¯ation. They ® nd that REITs behave as perverse in¯ation hedges when they measure anticipated in¯ation with the return on Treasury bills. On the other hand, using Livingston's in¯ation expectations, REITs seem to act as partial hedges against expected in¯ation but not for unanticipated in¯ation. Expanding the analysis to the international property trusts, Liu et al. (1997) ® nd that the degree of perverse hedging behaviour of trusts is di erent among countries in their sample.
The hedging behaviour of real estate returns can be explained with the following relationship. An increase in in¯ation rate reduces the e ective cost of home ownership because of the decline in the relative cost of mortgage , hence, the tax subsidy to owner occupation is increased. The decline in the relative cost of home ownership will increase the demand for owner occupation, as a result, house prices will increase. Several researchers, for example, Summers (1981) , Poterba (1984) , Goodwin (1986) and Manchester (1987) , have explained the boom in house prices in the US during the 1970s this way.
These results suggest that housing and mortgage markets and taxation might explain the expected and unexpected in¯ation hedging behaviour of real estate returns. Almost all of the countries examined has not experienced high in¯ation. There is a question of whether hedging behaviour of real estate can be extended to a high or hyper-in¯ationary economy. The Turkish market provides a good opportunity to test the hedging behaviour of real estate under high in¯ation. The in¯ation rate in Turkey is very high relative to all other countries examined in the literature. The average annual in¯ation rate has been more than 50% since 1986. This is the ® rst study that examines the hedging behaviour of real estate investment in a high in¯ationary environment. The real estate and mortgage markets in Turkey have di erent characteristics compared to the developed markets that are examined extensively. In addition to high in¯ationary economy, there is not a good mortgage market in Turkey. The downpayment requirement for purchasing a house is very high, reaching to 70% of the house value in some cases. Additionally, the longest term on home mortgage loans is ® ve years. Hence, we cannot argue that the existence of in¯ation reduces the cost of home ownership. Tax regulations are also di erent. For example, mortgage payments are not tax deductible. In case of the sale of housing units, both buyer and seller have to pay equal amount of tax.
This study examines the relationship between in¯ation and returns on residential real estate investment in the capital of Turkey, Ankara. The asking prices of apartments on sale in several neighbourhood s in Ankara are collected for the analysis. The quarterly in¯ation rate and returns on real estate are calculated for the period between the ® rst quarter of 1977 and the last quarter of 1996. Unlike the studies that examined developed markets, it is hypothesized that returns on real estate do not signi® cantly hedge against expected and unexpected in¯ation. In addition, Fisherian Direct Causality and Reverse Causality hypotheses are tested using returns on residential real estate investment in Ankara. For comparison, the models are also estimated for the returns on stocks traded in the Istanbul Stock Exchange (ISE). The results do not indicate that real estate investment in Ankara is a good hedging instrument against expected and unexpected in¯ation.
The paper is organized as follows. The next section gives information about the real estate and mortgage markets in Turkey. The methodology and data used in the analysis are presented in the third section. The fourth section presents the results of the analysis. The ® fth section concludes the paper.
In this section, some information about in¯ation, housing supply and mortgage market in Ankara are given in order to understand the relationship between in¯ation and returns on real estate in Turkey.
In¯ation
Turkey has experienced high in¯ation since 1977. A sudden increase in oil prices in the world in 1977 had an impact not only on the developed economies but also developing economies like Turkey. Since Turkey is an oil importing country, the increase in oil prices increased the demand for foreign currencies, and the ® nancing of large current account de® cits with external borrowing led to foreign exchange shortage. A series of devaluation of Turkish Lira against foreign currencies and the adjustment process with current account de® cit resulted in a sharp increase in in¯ation for the period between 1977 and 1980.
The stabilization and liberalization policies in January 1980 settled down the economy. According to these decisions, ® rst, interest rates were allowed to¯oat. Then, they were increased above the in¯ation rate. Even though the real interest rates were negative until 1980, after these decisions they became positive. An increase in interest rates attracted many people to invest in money market instruments and resulted in the decline in the demand for housing, which is considered as an alternative way of investment. Individuals started to sell their houses and invest in the money market instruments. It is found that the demand for housing decreased when the real interest rate on demand deposits was positive (Korum, 1982) .
Large amount of domestic borrowing at high levels of interest rate led in¯ation rate to increase to 40% in 1984. Then, it reached 50% during the second half of the 1980s as the domestic debt ® nance had been the major source of ® nancing (O È zmen, 1998) . Political instability derailed the success of some disin¯ation programmes and in¯ation rate continued to increase. In 1994, another jump in in¯ation occurred because of foreign exchange crises and Turkey had experienced three digit in¯ation rates. Figure 1 shows the annual in¯ation rate over the period analysed in this study.
Mortgage market in T urkey
The Turkish mortgage market is not well developed. Private lenders, mainly banks, started to give mortgages only in the late 1980s as part of their consumer loan programmes designed not speci® cally for home buying. They were short-term and fully amortizing loans with the maximum loan term between 1 to 5 years. The interest rate on loans has adjusted periodically. Several banks have di erent requirements for the mortgage origination. The maximum loan-to-value ratio has been changing between 50% and 70%. Some banks also have limits on the loan amount that an individual can borrow.
In addition to private lenders, the loans from a governmental organization , Housing Development Administration, are available for individual home buyers. They are also originated by the private lenders that charge commission and servicing fee for loan originations. These loans have more favourable terms than loans provided directly by private lenders. Even though these loans had terms of up to 15 years, fully amortized with ® xed interest rate before 1989, interest rates have started to be adjusted using CPI and terms have reduced after 1989. These loans are also available to home builders, especially to cooperatives that are responsible for the development of many housing projects in Turkey.
The private lenders o er construction loans to the home builders as well. These loans are used by yapsatci, a small scale home builder.
1 Most of the apartments analysed in this study were constructed by this type of builders. Lenders have di erent requirements for them. For example, downpayment requirement has been changing between 20% and 50%. 
Real estate market in Ankara
Ankara is one of the most developing cities in Turkey. The population has increased with the migration of households from rural areas and other cities to Ankara. According to 1980 and 1990 market is not well developed and buying a house requires large amount of saving, the demand for owner-occupied housing has not increased as much as the increase in population. The requirements of lenders for permanent income and a su cient amount of money for downpayment led to the development of slum houses at the outskirts of the city. In Ankara, there are several neighbourhoods . Some neighbourhoods are located in the central part of the city and some are located at the outskirts. As the population in Ankara increased, the densities increased.
3 Since the land is limited in the central part, the increase in housing supply occurs with the rebuilding of higher story buildings or building new apartments on the limited land.
In the central part of the city, the densities increased by allowing higher¯oor buildings in already built-up areas. In these areas, most of the development of housing units is performed by yapsatci. They construct on single spots. They can either buy the land and construct apartments or they agree with the land owner to give some apartments in return for land.
An increase in demand for housing led the government to increase the supply of land for housing. This is achieved with two sources (Baharoglu et al., 1997) . The ® rst one is the development of the new urban land at the outskirts of the city. The second one is the legalization of the unauthorized land where slum houses are located. This resulted in the increase in housing supply in neighbourhoods located not only at the central area but also in areas close to the outskirts of the city.
The increase in the housing supply has been high on the outskirts of the city because the new land area has been allowed for construction. This resulted in the construction of new suburban neighbourhoods that are 10± 20 kilometres from the central city. The construction on the outskirts of the city is done usually by cooperatives and the state organization , called Housing Development Administration and the Real Estate Bank which provide some ® nancing bene® ts to the cooperatives and individuals buying apartments in these buildings. So, ® nancing alternatives are di erent for these groups. In this study, the selected neighbourhoods are located in the central part of the city.
The apartment prices in several neighbourhoods in Ankara are shown in Table 1 . The variation in values among neighbourhoods is not only related with the cost of construction because of di erences in land prices. The availability of shopping centres, the existence of cooperative buildings, hotels, embassies and the quality of housing construction also in¯uence variation in prices. The variation in house values in Ankara is also documented by Turel (1981) .
I I I . ME T H OD OL OG Y A N D D A T A

Models
Three models are used to examine the relationship between in¯ation and returns on residential real estate in Ankara. The ® rst one is Fama± Schwert (1977) model which is based on the Fisher's well-known argument that the nominal interest rate can be expressed as the sum of the expected in¯ation and the expected real rate of return. Applying this argument to all assets, the expected nominal return on assets can be expressed as the sum of the expected in¯ation and the expected real return. In analysing the hedging behaviour of assets, the model developed by Fama and Schwert (1977) is extensively used since it is possible to identify the relationship between return on assets and both expected and unanticipated components of in¯ation. Their model is expressed as follows:
whereR i;t represents the return on the asset i at time t.Ĩ t and E…Ĩ t † correspond to the actual and expected in¯ation rates, respectively. If an asset provides a complete hedge against expected and unexpected in¯ation, both and ® should be 1.
According to Fisher, the expected real return is determined solely by real factors, such as productivity of capital, investors' time preferences, tastes for risk. Hence, the expected real return and the expected in¯ation rate are unrelated. This hypothesis, which is called Fisherian Direct Causality hypothesis, is tested using Solnik (1983) model:r
wherer i ;t is the ex post real rate of return on asset (r i;tˆRi;t ¡Ĩ t ). Under the null hypothesis, both coecients are expected to be zero since real returns are independent of any expected in¯ation level or expected changes in in¯ation.
As a third model, Geske and Roll' s (1983) hypothesis is tested. Unlike Fama and Schwert (1977) and Solnik (1983) , they conjecture that¯uctuations in return on assets cause changes in in¯ationary expectations. Their reverse causality model is tested using the following model:
Under the null hypothesis, both coe cients are expected to be less than zero. The coe cient on E…Ĩ t † represents the speed of adjustment for expected in¯ation. The coe cient onR i ;t shows the impact of the asset returns on changes in the expected change in in¯ation.
All these models are tested for returns on residential real estate in several neighbourhoods in Ankara using three di erent in¯ation expectations. Ordinary least squares procedure is used in the estimations. When autocorrelation or heteroscedasticity is detected, standard errors are estimated using Newly± West correction procedure. In order to make comparison, all the models are also estimated for the return on the ISE stock index.
Expected in¯ation
Three proxies are used to measure expected in¯ation. As a ® rst proxy, using quarterly in¯ation rates over the analysis period, in¯ation rate is forecasted with the ARMA model. The ARMA model is selected based on Akaike and Schwarz Information criteria. The model is presented in Table 2 . The other expected in¯ation measures are applied only for the period between the ® rst quarter of 1986 and the last quarter of 1996 because the T-bill market has been operating since 1986. The lagged returns on 3-month Tbills are taken as a second measure of the expected in¯ation rate. The third proxy is the one o ered by Fama and Gibbons (1982) . The expected in¯ation rate is estimated using the yield on 3-month T-bills. Most of the previous research used these measures as an approximation for the expected in¯ation rate.
The e ectiveness of these three proxies is measured using a regression model and presented in Table 2 . The expected in¯ation rate with ARMA model has the highest R 2 . The estimated constant is not signi® cantly di erent from zero, except for the second proxy, the lagged return on 3-month T-bill. In the analysis, CPI reported by the State Institute of Statistics is used in order to estimate the rate of in¯ation. 4 The natural logarithm of the ratio of the CPI values at time t and t ¡ 1 is calculated.
The quarterly analysis is employed. The time period covered in the study is between the ® rst quarter of 1977 and the last quarter of 1996. Since both stock market and bond market have been operated since 1986 , some analyses are done for the period after 1985 which corresponded to the high in¯ationary period.
Measures of return on real estate
A proxy that is widely used in the literature for measuring return on real estate is the appreciation rate in the house purchase price component of the CPI (for example, Fama and Schwert, 1977) . Unfortunately, only rents, the prices of utilities and the maintenance costs are considered as housing expenses in the Turkish CPI calculation. Hence, it is not possible to use this component as a return on real estate investment. If this component of the CPI is used, income component but not the appreciation in the real estate values will be included in the real estate returns.
In the literature, the return on REITs is widely used as another alternative. They behave like hybrid assets between stocks and real estate. There are only four REITs traded in the Istanbul Stock Exchange (ISE), all of them were issued in 1997. Hence, there is not su cient number of observations regarding returns on REITs to compare with expected in¯ation. In addition, the portfolio of these REITs consists of mainly nonresidential real estate, such as land and o ce buildings.
All these restrictions resulted in the collection of new data from daily newspapers. Daily newspapers have sections where individuals or real estate agencies can list houses or apartments for sale. They provide information about real estate, such as price, location, size, number of bedrooms, heating facilities, number of baths, age of housing unit, etc. The prices and some reported characteristics of the apartments listed in the daily newspapers at the end of each quarter are collected for the analysis. Unfortunately, these asking prices are not claimed to be actual transaction prices of apartments but since the appreciation rate is calculated, this bias will be consistent over all real estate values.
There is a dispersion in house values in Ankara. Therefore, the apartment appreciation rates in di erent neighbourhoods are analysed. Returns are calculated from two bases. The ® rst one is the change in the median apartment value for sale in each neighbourhood at the end of each quarter. The second one is based on the change in median value of apartments with 100 square metre space. Log returns are used in the calculations.
The data on apartments for sale at the end of each quarter are collected for the thirteen neighbourhood s in Ankara: Aydinlikevler, Anittepe/Maltepe, Ayranci, Bahceli/Emek, Cankaya, Cebeci/Dikimevi, Demetevler/Yeni Mahalle, Dikmen. Etlik, Esat, G.O.P., Kavaklidere and Kecioren. There are di erences in the characteristics of households residing in these neighbourhoods . Some neighbourhoods are preferred by relatively high-income households and some of them are preferred by relatively low-income households. In addition, some of them are located at the central part of the city and some of them are close to the outskirts of the city. of apartment with 100 square metre area based on 1996 prices.
In addition to the returns on real estates located in 13 di erent neighbourhoods in Ankara, 5 the models are also estimated for the return on the ISE index. Table 3 presents some descriptive statistics of the quarterly returns and in¯ation for the period analysed. Table 4 presents the results of the test of in¯ation hedging behaviour of the return on residential real estate in thirteen neighbourhoods in the city of Ankara and the return on the ISE stock index using the Fama± Schwert model with three di erent in¯ation expectations. In order to eliminate any changes in the size of the apartments over the time period covered between 1977 and 1996 , the returns on residential real estate are calculated using the changes in the median value of apartments converted into 100 square metre space. Since the last two measures of the expected in¯ation are available after 1985, the last two tests examine the Fama± Schwert model only for that period. 6 The results suggest that residential real estate investment in several neighbourhood s in Ankara does not behave as hedges for expected and unexpected in¯ation. Most of the coe cients on expected and unexpected in¯ation are found to be not signi® cantly di erent from zero. The coe cients and their signi® cance are di erent depending on the proxy used to measure expected in¯ation. In only two neighbourhoods, Ayranci and Kavaklidere, the coe cient on the expected in¯ation is found to be signi® cantly positive when the third proxy is used to measure expected in¯ation. Relatively moderate-and high-income households are considered to be living in both of these neighbourhoods . Most of the coe cients on the unexpected in¯ation are found to be negative but signi® cant in only ® ve neighbourhoods . In Demetevler, Etlik and Aydinlikevler where relatively lowand moderate-income households live, the coe cient is signi® cantly less than zero. We cannot make any generalization regarding income level, because this coe cient is found to be negative and signi® cant in G.O.P. where the average median apartment value is highest. Unlike the previous studies, we could not observe a hedging characteristic of residential real estates under high in¯ation in Ankara. The coe cient on unexpected in¯ation is found to be signi® cant and positive in only Dikmen which has been open for urbanization within the last 15 years and still in this process of urban development. The hypothesis of the equality of the coe cients on expected in¯ation in all neighbourhoods and the equality of coe cients on unexpected in¯ation is tested with F-test. The results suggest that these coe cients are not equal in all neighbourhoods using the ® rst and third proxies for expected in¯ation. However, this hypothesis failed to be rejected when the lagged return on T-bill is used as a measure of expected in¯ation.
I V . R E S U L T S
Hedging behaviour of residential real estate
The hedging behaviour of the ISE stocks seems to be similar to the hedging behaviour of the stocks in other countries. Unlike the US market, ISE stocks do not act in a perverse manner in hedging expected in¯ation. The coe cients are not signi® cantly di erent from zero even though almost all coe cients are found to be negative regardless of the measure of expected in¯ation. Table 5 presents the estimations for the hypothesis that real returns are a ected only from real factors but not in¯ation expectations. Even though the signs seem to be similar among three measures, the signi® cance of coecients seems to depend on the measure of expected in¯a-tion. Most of the coe cients are found to be not signi® cantly di erent from zero, as the null hypothesis suggests. However, the results are slightly di erent depending on the measure of expected in¯ation. In all of the neighbourhoods, the expected in¯ation and the appreciation in house values are found to be not signi® cantly related, except in Kecioren. In the relatively high income level neighbourhoods (Ayranci, Cankaya and G.O.P.), there is a negative relationship between changes in expected in¯a-tion and the real return on residential real estate. On the other hand, in low-income neighbourhoods , there is a positive association between real returns on apartments and changes in in¯ationary expectations. One explanation is that when the in¯ation is expected to increase, high-income households prefer to make investment not in real estate but in other instruments. However, for low-income households, the cost of renting will increase as the in¯ationary expectations increase, as a result, the demand for owner occupancy housing will increase in the low-income neighbourhoods. The hypothesis that the coe cients are equal in all neighbourhoods is rejected when the expected in¯ation rate is estimated with ARMA and Fama± Gibbons models. Geske and Roll (1983) argue that the return on assets is not caused by the changes in in¯ation but changes in asset prices lead to changes in in¯ation expectations. Table 6 presents the results of this test. If Geske± Roll hypothesis holds, the coe cients on return on real estate and on in¯a-tion are expected to be negative. In the Turkish market, the speed of the adjustment coe cient (¯1) is found to be signi® cantly negative in almost all neighbourhoods , regardless of the proxy for expected in¯ation. This is also true for the ISE stocks. This result suggests that investors revise their expectations for the change in in¯ation using larger fraction of expected in¯ation. This result is consistent with the ® ndings about Turkish in¯ation that it can be predicted by examining only past period in¯ation rates (Alper and Ucer, 1998) .
T est of reverse causality
When the coe cients on nominal returns on residential real estate investment are observed, the results do not support Geske± Roll argument. Almost all coe cients are found to be not signi® cantly di erent from zero. So, as the return on real estate changes, we do not observe any signi® cant change in expected in¯ation. However, ISE stocks behave as suggested by Geske and Roll (1983) . As the return on ISE stocks increases (decreases), there is a signi® cant decrease (increase) in the in¯ationary expectations.
V . C ON C L U S I ON S
This study examined the hedging behaviour of real estates against expected and unexpected in¯ation under high in¯a-tionary environment using three di erent proxies for expected in¯ation. The returns on real estate investments in 13 neighbourhoods in Ankara are analysed. The results suggest that unlike the behaviour of real estates in other countries, real estate investment in Ankara does not provide hedge against in¯ation. We do not observe a reverse causality between returns on real estate and changes in expected in¯ation. However, a relationship between real returns and changes in in¯ationary expectations seem to be di erent in relatively low and relatively high income neighbourhoods.
The insigni® cant results for the hedging behaviour of real estate in Ankara can be explained with the lenders' behaviour under high in¯ationary environment. Lenders adjust the interest rate on loans periodically under in¯ationary environment. Hence, the relative cost of owner-occupied housing will not be lower or investing in owner-occupied housing will not be in¯ation neutral. As a result, we do not observe an increase in demand for housing. Hence, positive relationship between returns on real estate and both expected and unexpected in¯ation will not be observed. Similarly, if households think money market instruments as alternatives to real estate investment, as in¯ation increases, the demand for owneroccupant housing will decline when the government tries to keep the positive real interest rate.
This study has some limitations. First, the data used in calculating returns on real estate are based on the characteristics of apartments on sale at the end of each quarter. Since di erent apartments are for sale in di erent periods, their characteristics will change, resulting in high variability in the returns on real estate. Second, apartments with reported value and size ® gures are included in the sample. Consequently, it can be argued that it does not fully represent the median value of all apartments on the market for sale at that time. 
R E F E R E N C E S
